Water demand increases as population increases leading to overexploitation of water resource. Consequently, there is need for improved water resources management complemented with rain water harvesting within the catchments. This study sought to assess land suitability for surface runoff harvesting using geospatial techniques. Land use/land cover maps of the area were derived from Landsat image. Land use and soils data were used in generating curve number map of the catchment. Lineaments greatly affect the storage depending on whether runoff is for surface storage or ground water recharge purposes. As a result, ArcGIS was used in delineating the lineaments from Digital Elevation Model (DEM) of the catchment. Further, using weighted overlay the catchment was grouped into categories of restricted, not suitable, moderately suitable, suitable, or highly suitable. The study found that forest, agriculture, and built-up areas occupied about 39.42%, 36.32%, and 1.35% of catchment area, respectively. A large part of catchment was found to have curve number range of 82-89. About 50% of the catchment was found to fall within suitable and highly suitable categories. This implied that a great potential exists for rain water harvesting within the catchment.
Introduction
One of the vital requirements for life, economic, and social development is water [1] . Water is required by human beings, plants, and animals and for ecosystem functions. Adequate water supply is critical in the development of drinking water supplies, agricultural and industrial activities. The demand of water increases linearly as population increases. According to WWO [2] , the global water consumption rate doubles in every 20 years a rate that is twice the population growth rate. As a result, optimum, efficient use and management of fresh water resources with increase in population are paramount to counter the concerns caused by the observed dwindling trends of the water resources. Further, there are many sectors facing serious water shortage. For instance, approximately over 50% of rural household and at least 25% of urban households do not have access to adequate clean water [3] . Kenya is among the water scarce countries in Africa and has also seen water storage per capita deteriorate with time to critical levels. By year 2003, the available fresh water supply was 647 m 3 per capita and it was estimated that, by year 2025, per capita water availability would drop to 235 m 3 as a result of population growth [4] . Water scarcity is a major concern in Kenya and urgent measures are required to arrest the situation and reverse the trend to an internationally accepted per capita consumption of 1,000 m 3 . As a result there is need for improved water resources management and one of the viable options is to direct more efforts in rain water harvesting within the catchments.
Priority should be given to rainwater harvesting either for surface storage or for artificial recharge since this assists in sustainable management of water resources [5] . Rainwater harvesting is the process of concentrating runoff from a large area within the catchment. The concentrated runoff can later be used in a smaller area [5] for various activities. Rain water harvesting deals with a large number of spatial data that can be easily handled using geospatial techniques. Remote sensing and GIS are widely being applied in the field of hydrology and water resources development [6] . In Kenya, little has been done in the use of geospatial techniques to identify sites for rain water harvesting. One area that would greatly benefit from such a study is Njoro River catchment and its environs.
Over the years, Njoro River catchment has undergone dynamic land use change leading to changes in hydrologic regimes [7] . Quantities of runoff have increased over the surface causing environmental related disasters in the form of flooding and soil erosion. However, excessive runoff is a resource that can be harnessed for use by households, agriculture, and environmental improvement. The catchment's main activity is rain fed agriculture which lately has been affected by rainfall variability leading to crops failure. Though rain water harvesting has a great potential, a major knowledge gap exists concerning the choice of the most suitable areas where harvesting can be practiced. Therefore, there is need for robust methodology that can enable water resource managers identify and map existing potentials for water harvesting.
The Njoro River catchment is approximately 150 km 2 . It lies between latitudes 0 ∘ 15 S-0 ∘ 30 S and longitudes 35 ∘ 20 E-36
∘ 05 E. The catchment originates from the Mau Hills at an altitude of about 3060 meters above sea level (m.a.s.l.) to about 1750 m.a.s.l. at the mouth where it discharges into Lake Nakuru, a Rift valley soda lake. This area has a bimodal rainfall pattern, starting from March to May, sometimes extending to June and September to November, though recently climate variability is being experienced. According to Kundu [7] , the average rainfall recorded within the catchment is 1020 mm per annum. The catchment is covered by loamy soils in the upper forested parts having developed from ashes and other pyroclastic rocks of volcanoes and deep well drained to moderately deep loamy sandy clays (vitric andosol). The lower reaches are composed of erosive lacustrine soils as reported by Chemelil [8] .
Materials and Methods

Data Used.
Landsat images and Digital Elevation Model (DEM) were downloaded from http://earthexplorer.usgs.gov/ and both had a resolution of about 30 m. Landsat images were used to generate the land use of the catchment while the DEM was used in lineament delineation and slope generation. Soil map was first downloaded from KENSORTER website for the region. The map was georeferenced and validated using soil data from previous studies within the catchment [7, 9] . The daily rainfall data for year 1995 to 2014 was downloaded from global weather data for SWAT (http://globalweather.tamu.edu/). This data was corrected with one collected physically for the same period of time from existing weather stations in Egerton University and Kenya Agricultural and Livestock Research Organization in Njoro. The correction was carried out by getting the regression equation between the downloaded and existing weather stations data. To check the consistency of the rainfall data, a double mass curve was used. Homogeneity of the To aid in identifying distinct classes especially built-up area and grassland, false colour combination of bands 4, 5, and 3 was used. The combination was informed through use of signature separability which revealed that band 5 was the most effective band in classes' separation. Image interpretation elements, that is, tone, pattern, size, association, shape, and site, were used in land use identification. After the supervised classification, validation was undertaken.
Curve Number and Runoff.
The Soil Conservation Service Curve Number (SCS-CN) method was used in estimating volume of direct surface runoff. The method was reported by Fan et al. [10] to be enduring in predicting and estimating surface runoff in ungauged rural catchment like the Njoro River catchment. Further, according to the authors, the land use/land cover parameters can easily be extracted from remotely sensed images. This data aids in catering spatial distribution of runoff generation. To calculate curve number, hydrologic soil groups (HSG), land cover type, antecedent soil moisture, and hydrologic condition factors were of paramount importance. HSG map of the catchment was generated by reclassifying the soils using information presented in Table 1 . The HSG and land use layer of the catchment were converted into raster format. In ERDAS, model maker was used in matching land cover and HSG. Appropriate curve number value was assigned to each cell in the output layer. HSG is classified into 4 groups, A, B, C, and D, and reflects the infiltration rates of soils [11] . Group A has highest infiltration and low curve number while group D has lowest infiltration and high curve number (Table 1) . In a study conducted by Raude [9] within the Njoro catchment, Kenya, on surface runoff and soil loss under varying rainfall intensity and selected land use practices, it was observed that Antecedent Moisture Content (AMC) II was useful in determining surface runoff of the catchment. These findings are based on use of a rainfall simulator to study variations from different rainfall intensities. Different measurements were taken from runoff plots and the results were compared with runoff data collected during actual rainfall events. In the same study, soil samples were collected and their moisture content was determined using the gravimetric method. Further runoff coefficients of the area were calculated and a composite runoff coefficient was determined. The results were used in understanding runoff values calculated using the SCS-CN model. As a result, this study adopted the AMCII during curve number determination. To estimate the direct runoff from storm, the rainfall runoff equation given by Balvanshi and Tiwari [12] was used. To apply this equation, it was assumed that initial abstraction of the 5-day antecedent moisture was well represented by 0.2
where is watershed storage, mm; is actual direct runoff, mm; is total rainfall, mm. is related to curve number using equation (4), as given in Fan et al. [10] ,
2.4. Lineaments Identification. Liu et al. [13] reported that DEM is useful in lineaments studies; hence, in this study DEM was used for lineament identification. Shaded relief images from DEM were created. In shaded relief images, lineaments were identifiable using variations in sun illumination. ∘ . The first four shaded relief images were combined into first image while the second four sets were combined into the second image as given by Abdulla et al. [14] . The lineaments were then digitized in a GIS environment. The lineaments were further buffered at 100 m since surface water storage was considered in selection of a suitable site.
Suitable Site.
The different thematic layers were integrated in GIS environment where overlay, buffering, and weighting operations were carried out by first converting all layers to raster format. Since surface water storage was being considered, the lineaments were buffered at a distance of 100 m as they showed weak points where infiltration was likely to be high. Proximity of harvesting site to water bodies and roads was also buffered to a distance of 300 m. For high efficiency runoff generation, catchment slope is usually steep. Higher slopes were considered to have positive impacts on generation of runoff but were undesirable for storage site identification. In assessing the runoff potential and rain water suitability, weighted overlay index in GIS was used. Almost the same methodology was followed by Sarup et al. [15] where potential sites for ground water recharge zones were delineated using geospatial techniques. In this study, individual thematic layers were assigned weightage and also their classes a rank depending on the influence of the parameter to rain water harvesting or their contribution to the output ( Table 2 ). The classes with higher values indicated the most suitable sites. The final score was a product of rank and weightage where the site suitability was classified to be restricted, not suitable, moderately suitable, suitable, or highly suitable. The areas covered by each suitability category were calculated using the area tool. Further, the percentage suitability was estimated by considering each specific area and the total catchment area; that is, Suitability category area Total area × 100. Though rainfall is a key factor when assessing the suitability of a region as a harvesting site, in this study it was not weighted since it was found that rainfall was almost uniformly distributed within the study catchment. A summary of the methodology adopted is presented in Figure 1. 
Results and Discussion
Land Use/Land
Cover. The areas of different land uses/ land cover as calculated were found to range from 39.42% and 0.54% in forest and water body, respectively (Table 3) . Water body was found to have the smallest area probably because river classification was difficult since water was not visible but the riparian vegetation marked river's route. The riparian vegetation could have added on the percentage of the forest available since the vegetation reflectance was close to that of forest and this was not separated. In addition, the natural forests, secondary forest, and the agro forests were not separated in this study which could be associated with the fact that forests in general have a higher percentage (Figure 2) .
On the other hand, agriculture which is the main economic activity within the study area was found to occupy 36.52%. Baldyga et al. [16] had reported small scale farming and cattle rearing was on the increase within the catchment. As a result, rain water harvesting within the catchment can lead to improved agriculture. 
Soils.
The soils within the study area were found mainly to be sandy loam, clay loam, and sandy clay loam though some sections were found to have loam soils. It was found that the hydrologic soil groups within the catchment are B, C, and D (Figure 3 ) at 15.40%, 37.97%, and 46.63%, respectively. The higher percentage of the soil was found to fall in group D which translated to very low infiltration and high runoff leading to high curve number. As a result, the soils within the catchment were found to be useful in surface water harvesting and generation of much runoff. 
Curve Number.
It was found that the curve numbers were all above 50 indicating that runoff potential within the catchment was high. The range of curve number was found to be between 55 and 100 ( Figure 4 ) during normal periods. The lowest curve number was recorded in natural forest area while the highest CN value was within the water body. Similar results were reported by Fan et al. [10] where they estimated composite curve numbers for a catchment in Guangzhou, China. The current study found that built-up area was found to have a range of 85 to 94 depending on the soil type and percentage of impervious area available ( Table 4) . The built-up area has more impervious surfaces leading to low infiltration which led to higher curve number. A curve number is used to ascertain how much rainfall infiltrates into soil and how much rainfall becomes surface runoff. The values range from 0 to 100 and they represent the ability of the land surface to capture water [1] . According to Balvanshi and Tiwari [12] low curve number indicates that water easily infiltrates into soils giving rise to less runoff while high curve number means that water is not captured by the land surface; thus, more runoff is generated. 3.4. Runoff. It was found that for rainfall amount of 101 mm the runoff generated ranged between 13.22 and 83.55 mm where the lowest value was recorded within the forest and 83.55 was within the built areas. This was in agreement with the curve numbers earlier generated. In forested area the vegetation increases infiltration rates, interception losses, and retention which consequently decrease the volume of runoff. The built-up areas increase the impervious layers, thus reducing infiltration rate, and this leads to increase in runoff. Figures 5 and 6 represent the runoff map and the lineaments in the study area, respectively. The low runoff areas were found to be in forests which are also unsuitable for rain water harvesting sites. It was observed that within the forest some areas generated higher amount of runoff compared to the main areas. This could have been as a result of forest encroachment or tree cutting for illegal charcoal burning rampant in the study area.
Lineaments.
Lineaments were mapped to give more information on potential sites of the rainwater harvesting structures depending on whether the sites are earmarked for surface water storage or ground water recharge. In this study the lineaments were buffered since they represented spatial influence that would lead to leakage or seepage for the surface water storage. Lineaments affect surface storage, ground water recharge, and base flow and thus play a vital role in the performance efficiency of structural measures [17] . They sometimes serve as indicators of rock solubility and can be associated with fissure conduits. The lineaments indicate zones of high permeability and concentrated groundwater flow [18] . Lineaments would be highly suitable when ground water recharge is to be conducted and least suitable for surface water harvesting since they would encourage leakage or infiltration. 3.6. Slope. The highest area percentage of the catchment as presented in Table 5 was found to fall under flat to gently undulating category covering 52.98%, followed by generally flat class occupying an area of 29.25%. These two slope classification categories offer favorable rain/runoff potential collection sites. Such flat areas allow water to collect and not to flow away and, therefore, naturally help in concentrating the rainfall runoff from a given storm. On the other hand, steep slopes favor runoff generation and were ranked high for runoff generation sites while for rain water harvesting flat slope was ranked higher. Further, the sites with 8% slope were considered suitable for harvesting runoff on condition that erosion control is practiced according to recommendations by Tumbo et al. [19] .
3.7.
Site Suitability. The degree of suitability was assessed through sensitivity analysis where weights assigned to the factors were varied starting with equal weight assignment. It was found that soils, land cover, and slope layers are the most sensitive layers. It was also observed that HSG B areas generated less runoff meaning these areas were of low runoff potential suitability. The runoff potential of the catchment was found to be 22.67%, 71.61%, and 5.72% for low, medium, and high potential areas, respectively, as presented in Figure 7 . It was also found that low and medium runoff generation falls within forested areas. This could be as a result of high infiltration rates within the forests leading to less rainfall being converted into runoff. The high runoff potential areas are characterized by low infiltration rates in built-up areas and areas with degraded soil conditions. In addition, areas with bare rock or rock outcrops create favorable conditions for runoff generation.
Restricted area includes the forest, built-up area, water body, and riparian zones which take about 10.17% of the total catchment area. Classification of the area as restricted was based on FAO criteria. The criteria indicate that rainwater harvesting sites should not be within natural forests, protected area, or areas of ecological importance and built-up areas. To ensure that water harvesting sites were not within the water body river buffer was also considered, thus adding more restricted areas as shown in Figure 8 . Further, areas with lineaments as presented in Figure 8 were considered since they are classified as not being suitable for surface runoff storage. It was observed that only 11.92% of the catchment area was highly suitable while the highest percentage fell in the category of suitable at 37.17% (Table 6 ). Thus, it was observed that almost 50% of the catchment can be suitable for rain water harvesting. If implemented, rainwater harvesting in Njoro catchment can improve availability of water for domestic and nondomestic purposes. Also agriculture through irrigation can be improved if water harvesting is practiced other than relying on rain fed agriculture.
Conclusion
The land use/land cover within Njoro catchment was found to be mainly forest accounting for about 39.42% while agricultural area was found cover about 36.52% of the catchment area. Built-up area occupied only 1.35% of the catchment. The curve numbers within Njoro catchment range from 55 to 100. The forested area was found to have low curve number especially where hydrologic soil group B dominates, resulting in low runoff generation. Runoff generation potential within the catchment was found to be medium occupying an area of 72%, an indicator of direct runoff that can be harnessed. Slopes of the catchment were found to range from 0 to 35% since in runoff potential mapping steep slope is favorable, while for harvesting sites the flat slope is more favorable. DEM proved useful in lineament delineation since it was not possible to delineate the lineaments from Landsat imagery because the area has been cultivated. Also, the catchment has different other land uses that could not allow identification of lineaments. Sensitivity analysis conducted during weighting of layers for suitable rainwater harvesting sites selection showed that land use, soils, and slope are the key parameters that affect the process. Almost 50% catchment's area was found to be suitable for rain water harvesting. This is a good indicator that availability of water can be improved if the proposed technology was adopted. Though different rain water harvesting techniques have specific requirements, in this study, a general criterion has been used. Further studies can be conducted to narrow down different rainwater harvesting techniques that can be used to identify the most suitable technique for the study area. In addition, the study can further be improved by incorporating the social component where public needs and preference are assessed.
